Introduction
Surgical intervention remains a viable treatment option for symptomatic or progressively enlarging acoustic neuromas (AN) [1] . The most common surgical approaches to address these tumors are retrosigmoid (RS) and translabyrinthine (TL) [2] [3] . A third, middle fossa approach can be considered; however, it has a more limited indication for small intracanalicular tumors [4] . The choice of either the RS or TL approach is dictated by the patient and tumor characteristics, and each approach demonstrates preferential utility in specific situations. While a number of predictive clinical factors have been studied, the relative outcomes of each approach continue to be debated [5] [6] [7] [8] . These include tumor size, patient age and overall health status, the anatomy of the vestibule and cerebellopontine angle (CPA), involvement of the brainstem and facial nerve, and the degree of extension into the internal acoustic canal (IAC).
In general, the RS approach is considered more versatile, enabling removal of tumors largely independent of size. In contrast with a TL approach, an RS resection can offer hearing preservation [9] . The RS approach offers the surgeon an improved access to the root entry zone of the acoustic nerve. Disadvantages of the RS approach include the necessity for cerebellar retraction and more limited access to cranial nerve (CN) VII and the cochlear nerves in the distal IAC, increasing the potential for subtotal resection. The TL approach is favored in patients with non-serviceable hearing and in patients with large tumors who have a low probability of hearing preservation [10] . Furthermore, the TL approach offers early identification of the CN VII in the auditory canal during surgery and eliminates any need for cerebellar retraction [11] [12] .
Although the advantages and disadvantages of different approaches for AN resection have been extensively reported on, a large-scale study to enable their accurate comparison is still greatly needed. The absence of a unified, consistent reporting of variables may contribute to variations in procedure outcomes. For example, in their meta-analysis, Ansari, et al. reported that the RS approach was the most versatile for facial nerve preservation, but it also led to a higher risk of postoperative pain and cerebrospinal fluid (CSF) fistula relative to the middle fossa or TL approach [13] . Meanwhile, Copeland, et al. reported in a recent single-institution, prospective analysis (1999-2012) that the TL approach instead resulted in an increased risk of developing a CSF leak postoperatively [14] . In this retrospective study, we sought to quantify and compare the complete postoperative complication profile of AN resection by retrosigmoid and translabyrinthine approaches with the aid of a nationwide administrative database.
Materials And Methods

Study design and data source
We performed a retrospective, longitudinal analysis of RS and TL approaches in procedures treating acoustic neuromas from a national database from years 2010-2012. Inpatient and outpatient data were obtained from the Thomson Reuters MarketScan Commercial Claims and Encounters and Medicare Supplemental and Coordination of Benefits databases, administered by Truven Health Analytics. The MarketScan dataset includes data from over 100 payers and includes inpatient, outpatient, and pharmacy services from a range of large employers, health plans, governmental organizations, and public organizations.
Setting and participants
We identified patients undergoing RS procedures with Common Procedural Terminology (CPT) code 61520 and TL procedures with CPT code 61526. A concurrent International Classification of Diseases (ICD-9) diagnosis code of 225.1 was required to indicate the presence of an acoustic neuroma. Comorbidities were assessed using the Deyo-Charlson and Elixhauser ICD-9 code groupings [15] [16] . Supplementary Data 1 contains CPT and ICD-9 codes used in this study and not otherwise defined as part of established comorbidity measures. ICD-9 codes defining complications were only counted if not present within 180 days prior to the index procedure.
We identified surgeons using anonymized payer-specific physician identification numbers within inpatient records from the MarketScan data set. In some cases, a physician may have multiple identification numbers not reconciled among payers; however, due to the anonymization, we considered each physician number as unique. We then calculated the annual volume per individual surgeon identifier.
Statistical analysis
Tests of significance were performed using two-tailed tests. Categorical variables were analyzed using Fisher's Exact test; continuous variables were analyzed using Student's t-test. Due to the examination of a range of complications, significant results (P < 0.05) were adjusted with the Holm-Bonferroni method to determine whether the hypothesis could be rejected. Data preparation and analysis were performed using SAS software (version 9.3; SAS Institute Inc., Cary, NC).
Results
Demographics and comorbidities
Within the MarketScan database during the studied period between 2010 and 2012, there were 346 and 130 patients who underwent an RS and TL approach for acoustic neuroma resection, respectively. There was no significant difference between the RS and TL groups for any of the patient factors, comorbidities, or hospitalization characteristics examined, shown in Table 1 . This evaluation took into consideration patient age, patient gender, Medicare status, and the presence or absence of the following comorbidities: osteoporosis, tobacco use, congestive heart failure, hypertension, chronic obstructive pulmonary disease, myocardial infarction, diabetes, and obesity. EPO -exclusive provider organization; HMO -health maintenance organization; POS -point of service; PPO -preferred provider organization; CDHP -consumer-driven health plans; HDHP -hospital-driven health plan
Comparative complication and revision procedure rates
There was no significant difference in the incidence of overall general neurological or neurosurgical complications between the two procedures within the 30-day postoperative period, as shown in Table 2 . However, the TL procedure was associated with a decreased incidence of specific complications, including postoperative CN VII injury (20.2% vs 10%, p = 0.0096), dysphagia (10.4% vs 3.1%, p = 0.0089), and dysrhythmia (8.4% vs 2.3%, p = 0.022). In patients with grafts, the need for a CSF leak repair trended towards being higher in the RS group (15.9% vs 6.4%, p = 0.11). However, in those without fat grafts, it was higher in the TL group (10% vs 19.2%, p = 0.093). Of note, we also found that patients who underwent the TL approach and received fat grafting were less likely to develop CSF leak requiring surgical intervention (6.4% vs 19.2%, p = .047). In contrast, there was a trend towards increased risk of CSF leak requiring surgical intervention with fat grafting in patients who received an RS approach (15.9% vs 10%, p = 0.20).
Retrosigmoid N (%) Translabyrinthine N (%) OR (CI) P-value
Procedure payments, length of stay and readmission rates
The RS approach resulted in higher median total payments ($67,774 vs $50,918, p = 0. 
Surgical volume and adverse events
Surgeons who are recorded in the MarketScan database as performing at least two AN procedures annually had a decreased incidence of CN VII injury (18.7% vs 2.6%, p = .0072) and postoperative dysphagia (8.9% vs 2.6%, p = .24), as well as a trend towards decreased need for repair of CSF leak (12% vs 2.6%, p = 0.11), compared to surgeons performing fewer than two procedures per year. These results are shown in Table 5 . Though not statistically significant, we also noted a strong trend for surgeons who performed more than two procedures per year to utilize intraoperative fat grafting (44.7% vs 29.5%, p = .066). The annual volume of procedures that a given surgeon performed did not impact the incidence of postoperative dysrhythmia. 
Discussion
This national sample of patients undergoing surgical intervention for acoustic neuromas between 2010 and 2012 compared the complications and costs between these two common approaches. We observed that an RS approach, relative to a TL one, was associated with an increased rate of postoperative facial nerve injury (18.7% vs 2.6%) and postoperative dysphagia (8.9% vs 2.6%). Although the frequency of CSF leak was equivalent between approaches, the choice of intraoperative fat grafting reflected each procedure's respective needs for adequate dural repair [17] . Total hospital payments for a TL approach were significantly lower than that required for an RS approach ($36,855 vs $50,351) and did not markedly impact payments associated with postoperative care.
Follow-up analyses did not indicate that variations in the length of stay or lumbar drain placement contributed to the difference in costs between RS and TL approaches. However, the diverging postoperative complication rates, particularly in relationship to provider volume, may play a role. Prior work has reported that high volume centers achieve a lower average cost of hospitalization [18] [19] . Low volume surgeons, using the more versatile retrosigmoid, may encounter a higher complication rate, potentially leading to the increased use of hospital resources not available in the MarketScan database [20] . Viewed collectively, our findings can inform practitioners by determining the composite risks of AN surgery in the broader neurosurgical community, as opposed to evaluating results from just one or a few centers. Otherwise, the general neurological complication rates between each surgical approach were comparable.
The rate of facial nerve dysfunction associated with AN surgery is an important clinical outcome. Affecting one out of five RS patients in our analysis, it was the most prominent individual complication in the early postoperative phase. The TL approach is traditionally thought to provide a more anatomically accommodating view of the facial nerve and, therefore, can limit facial nerve injury [21] . Existing studies have reported comparable facial nerve dysfunction rates [22] [23] [24] . In a series of 200 operations utilizing the RS approach, Samii, et al. reported a 19% rate of facial nerve dysfunction (House-Brackmann Grade IV and V) with a mean follow-up of 24 months [25] .
Meanwhile, other studies emphasizing additional parameters or with longer follow-up have reported varying complication rates. For example, Ansari, et al. reported that at 23.3 months median follow-up, there was no difference between surgical approaches when treating smaller tumors and that an RS approach can actually have better facial nerve preservation rates when treating larger tumors [13] . Since facial nerve dysfunction is known to potentially recover within the first postoperative year, complication rates between RS and TL may become statistically masked over time [26] [27] [28] [29] . By limiting our study to the early postoperative phase, we avoid any confounding temporal variations in reporting.
Although less common than facial nerve dysfunction, postoperative injury to the neighboring vagus nerve, presenting as dysphagia, is another important clinical outcome for patients and providers. The complication is again largely limited to the early postoperative phase, with follow-up surveys indicating that 71% recover from their vagal palsies. Those with palsies were no more likely than those who never presented with palsies to have long-term difficulties related to their voice or swallowing [30] . Nevertheless, patients continue to express concern over facial and vagal nerve injuries and continue to perceive cranial nerve preservation as an indicator of surgical success [21, 31] . Fortunately, these often transient postoperative symptoms do not ultimately impact patients' quality of life outcomes [32] . Perhaps, also related to the involvement of the vagus nerve, we identified a higher rate of dysrhythmia in RS procedures; however, this did not affect the rate of postoperative transient ischemic attacks, arterial occlusion, or myocardial infarction.
Interestingly, the rate of CSF leak is comparable between surgical approaches. Although there remains no consensus on the best graft protocol for preventing postoperative CSF leaks, there is encouraging data showing that fat grafting can reduce the rate of a dural leak to 0-7.4% [33] [34] [35] [36] [37] . Within our data, the choice to include a graft did vary based on the surgical approach.
There was an increased trend of incorporating intraoperative fat grafts for TL approaches, though this was markedly lower (60.2%) than we expected, given the relative consensus within the neurosurgical literature around fat grafting with employment of the TL approach [20] . The lower than expected rate of fat grafting in TL procedures may be a result of varying institutional coding practices. Nevertheless, the importance of grafting in TL approach was reaffirmed when we found that use of a graft was protective against the risk of a dural leak requiring surgical intervention in TL approaches. Given this finding and the existing neurosurgical literature, we encourage this additional closure technique when possible.
Finally, we observed significant variation in inpatient financial impact with AN resections. The difference in median total payment exceeded $15,000 between the two approaches, and this margin is likely to play an increasingly larger role in clinical decision-making as the cost of AN surgery continues to rise [38] [39] . Since recurrence is already very low, future changes in the financial and clinical cost of surgery will likely heavily reflect the increasing costs of the primary surgery [38] . These costs of RS surgery also can be weighed alongside the wellcharacterized risks of hearing loss, a known absolute complication, in TL surgery. Ansari, et al. indicated that the probability of hearing loss is about 64.3% in tumors < 1.5 cm and 71.6% in those between 1.5 and 3.0 cm when resected by the RS approach [13] . Thus, when microsurgery is indicated and tumor features cannot guide the surgical approach, early postoperative risk of facial nerve dysfunction, vagal nerve dysfunction, and increased hospital payments of RS approach should collectively be considered.
Our study has several limitations, which should be noted. The MarketScan dataset does not characterize tumor size or location (e.g.. intracanalicular involvement), which frequently guides the surgical approach. Our analysis is intended as a broad overview of the comparative outcomes of the procedures independent of preoperative evaluation and planning. Secondly, the MarketScan database is limited in assessing surgical volume or providers, as it only captures procedures whose payment is provided by insurers within the database. Our assessment of volume is, therefore, more reflective of relative, and not absolute, volume differences. We are also not able to differentiate between academic and private practices, which frequently vary in case distribution and complexity. Outcome differences may be attributable to surgeons' experience with acoustic neuroma management and the approaches for resection. In our analysis of CSF leaks, it is important to note we consistently discussed the rates of CSF leak requiring surgical intervention. We are unable to report the objective rates, as the ICD-9 codes that may provide that information is unreliable. Furthermore, because cranial nerve palsies have been shown to resolve and hospital costs are most prominent during the initial hospitalizations, we believe our data appropriately focuses on the symptomatically and resource-intensive period relevant for accurate quality assessment.
Our report, which is accompanied by the limitations of all retrospective studies, provides an updated, large-scale survey of current AN surgical care. These results can serve to inform future evaluations of both community-and academic-based practices.
Conclusions
From a nationwide, administrative database spanning 2010-2012, AN resection by TL approach was found to have a lower rate of CN VII injury, dysphagia, and dysrhythmia compared to that by RS approach. Although there was no significant difference in CSF leak repair rates, the rate for tissue grafting differed by approach. Surgeons performing multiple AN resections had lower rates of CN VII dysfunction and lower CSF leak repair rates, independent of the procedure. The mean payment for RS procedures was significantly greater than that for TL procedures; however, there was no difference in post-hospitalization costs.
